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[Title of the Invention] LIQUID CRYSTAL DISPLAY DEVICE 

AND LIQUID CRYSTAL DISPLAY DEVICE MANUFACTURING METHOD 
[Abstract] 

[Object] There is provided a liquid crystal display device 
having an improved temperature characteristic in a display 
quality, and a low degradation of the display quality caused 
by the temperature change, using a hard pillar shaped spacer 
in small elasticity. 

[Solving Means] A liquid crystal display device 
comprising: a pair of substrates 1 and 2 having transparent 
electrodes 5 and 6 thereon, a spacer 3 arranged between the 
pair of the substrate 1 and 2 for maintaining a substrate 
gap to be constant; and a liquid crystal layer 4 
encapsulated between the substrates 1 and 2, in which the 
spacer 3 is elastic, and for a temperature change within the 
temperature range available in the liquid crystal display 
device, a sum of a repulsive force of the spacer 3 and an 
inner pressure of the liquid crystal layer 4 is always 
almost 1 pressure, and in addition, inner pressures of the 
spacer 3 and the liquid crystal layer are linearly changed, 
respectively . 

[Claims] 

[Claim 1] A liquid crystal display device having a 
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pillar shaped spacer arranged between a pair of substrates 
for maintaining a substrate electrode to be constant, and a 
liquid crystal layer encapsulated between the substrates, 
wherein the spacer is elastic; and 

wherein, for a temperature change within a temperature 
range available in the liquid crystal display device, a sum 
of a repulsive force of the spacer and an inner pressure of 
the liquid crystal layer is always approximately the same a 
the atmospheric pressure. 

[Claim 2] The liquid crystal display device according 
to Claim 1, 

wherein a sum of the repulsive force of the spacer and 
the inner pressure of the liquid crystal layer is always 
approximately the same as the atmospheric pressure, and 

wherein the inner pressures of the spacer and the 
liquid crystal layer are linearly changed, respectively. 

[Claim 3] A liquid crystal display device having a 
pillar shaped spacer arranged between a pair of substrates 
for maintaining a substrate electrode to be constant, and a 
liquid crystal layer encapsulated between the substrates, 

wherein the spacer is elastic; and 

wherein, for a temperature change within a temperature 
range from the room temperature to the highest operating 
temperature of the liquid crystal display device, a sum of 
repulsive force of the spacer and an inner pressure of the 
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liquid crystal layer is always approximately the same as the 
atmospheric pressure. 

[Claim 4] The liquid crystal display device according 
to Claim 3, 

wherein a sum of the repulsive force of the spacer and 
the inner pressure of the liquid crystal layer is always 
approximately the same as the atmospheric pressure, and 

wherein the inner pressures of the spacer and the 
liquid crystal layer are linearly changed, respectively, 

[Claim 5] A liquid crystal display device having a 
pillar shaped spacer arranged between a pair of substrates 
for maintaining a substrate electrode to be constant, and a 
polymer dispersed type liquid crystal layer including a 
liquid crystal encapsulated between the substrates and a 
polymer compound, 

wherein the spacer is elastic; and 

wherein, for a temperature change within a storage 
temperature range of the liquid crystal display device, a 
sum of a repulsive force of the spacer and an inner pressure 
of the liquid crystal layer is always approximately the same 
as the atmospheric pressure. 

[Claim 6] The liquid crystal display device according 
to Claim 5, 

wherein a sum of the repulsive force of the spacer and 
the inner pressure of the liquid crystal layer is always 
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approximately the same as the atmospheric pressure, and 

wherein the inner pressures of the spacer and the 
liquid crystal layer are linearly changed, respectively. 

[Claim 7] The liquid crystal display device according 
to any one of Claims 1, 3, and 5, 

wherein the spacer is directly formed on at least one 
side of the pair of substrates through a pattering process. 

[Claim 8] The liquid crystal display device according 
to Claim 7, 

wherein the spacer is selected from a group consisting 
of a polystyrene based polymer compound, an acrylic based 
polymer compound, a polyester based polymer compound, a 
silicon based polymer compound, a polycarbonate based 
polymer compound, a polysiloxane based polymer compound, a 
polyethylene based polymer compound, a polyurethane based 
polymer compound, and a combination thereof including any 
one or more materials 

[Claim 9] The liquid crystal display device according 
to any one of Claims 1, 3, 5, and 7, 

wherein the spacer is formed in a tapered shape from 

one substrate toward the other substrate. 

[Claim 10] The liquid crystal display device according 

to any one of Claims 1, 3, 5, and 7, 

wherein the spacer is formed in a perfect hollow 

construction or a partial hollow construction between the 
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pair of substrates. 

[Claim 11] The liquid crystal display device according 
to any one of Claims 1, 3, 5, and 7, 

wherein the spacer has a longitudinal distribution in a 

direction perpendicular between the pair of substrates. 

[Claim 12] The liquid crystal display device according 
to Claim 11, 

wherein, for the length in the direction perpendicular 
between the pair of substrates, the spacer has a 
distribution having a mean and a derivative; and 

wherein the derivative is approximately in a range of 
3% to 6% of the mean value. 

[Claim 13] The liquid crystal display device according 

to any one of Claims 1, 3, 5, and 7, 

wherein formation density of the spacers is in a range 

of 5/mm 2 to 200/mm 2 . 

[Claim 14] The liquid crystal display device according 

to any one of Claims 1, 3, 5, and 7, 

wherein the spacer is formed on a light shielding 

portion of at least one of the pair of substrates. 

[Claim 15] The liquid crystal display device according 

to any one of Claims 1, 3, 5, and 7, 

wherein the inner pressure of the liquid crystal layer 

is in a range of 0 kg/cm 2 to 0 . 9 kg/cm 2 . 

[Claim 16] A liquid crystal display device 
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manufacturing method, the liquid crystal display device 
having a pillar shaped spacer arranged between a pair of 
substrates for maintaining a substrate electrode to be 
constant, and a liquid crystal layer encapsulated between 
the substrates, the method comprising: 

forming a plurality of spacers on at least one of the 
pair of substrates, and performing a process to give a 
predetermined amount of elasticity to the spacer; 

forming the liquid crystal layer encapsulated between 
the pair of substrates having the spacer formed thereon; and 

while or after forming the liquid crystal layer, 
uniformly pressing between the substrates in a pressure of 
approximately 0.1 kgf/cm 2 to 1.0 kgf/cm 2 . 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a liquid crystal 
display device and liquid crystal display device 
manufacturing method for use in, for example, an optical 
shutter and the like. 
[0002] 

[Description of the Related Art] 

In a conventional liquid crystal display device in 
combination with a typical twisted nematic liquid crystal 
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(hereinafter, referred to as a TN liquid crystal) and an 
active matrix, a TN liquid crystal is interposed between two 
electrode-attached substrates, a voltage is applied between 
the substrates, and an alignment state of the liquid crystal 
molecules varies according to the applied voltage. The 
liquid crystal molecule has an optical transmission ratio 
changed according to the alignment state. Like this, the TN 
liquid crystal uses a scheme in which an optical 
transmission ratio is controlled by the voltage. The liquid 
crystal display device includes an active matrix substrate 
having switching elements and a pixel electrodes formed 
thereon, the switching element controlling whether or not a 
voltage is applied, represented as a thin film transistor 
(hereinafter, referring to as a TFT) ; a counter substrate; a 
liquid crystal encapsulated between two substrates; and a 
polarization plate arranged outside the two substrates. 
Using the voltage applied between the electrodes formed on 
the two substrates, the liquid crystal molecule changes an 
alignment state and changes an optical transmission ratio. 
[0003]. 

However, in the typical liquid crystal display device, 
when a viewing angle, i.e., an angle to view a screen, is 
changed, optical rotation of transmission light is changed 
for an observer, so that a shading state is changed. For 
example, when seen from a front surface of the perpendicular 
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direction to the screen displaying white color, i.e., from 
the normal direction of the screen, an image having a good 
contrast is shown, while viewing the same screen from a 
slanted downward direction rather than the normal direction 
to the screen causes the image to be seen blurred. In 
addition, when seen from the downward direction, there 
occurs a so-called gray level inversion phenomenon that 
inverts shading. In addition, when seen from a slanted 
upward direction, the image is seen as white. The 
phenomenon occurs since displaying is performed in a manner 
such that an electric field is applied to the liquid crystal 
in a normal direction to the substrate, to lift the liquid 
crystal molecule based on an electric field direction, to 
thus control the optical rotation, and that a lifting 
direction of the liquid crystal molecule is determined. In 
order to obtain uniformity of a cell thickness, a plurality 
of fine beads, called as spacers, are scattered, which 
causes a so-called rough feeling and gives a bad effect on 
the display quality. 
[0004] 

In addition, as a method of improving the viewing angle 
problem, recently, an in-plane switch has drawn an attention. 
While the conventional liquid crystal display device applies 
the electric field in the normal direction to the substrate, 
and control an alignment state of the liquid crystal, as 
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described above, the in-plane switching controls the liquid 
crystal in a horizontal direction parallel to the substrate. 
This method provides a wide viewing angle in principle, and 
since there is a small change in color, it is considered as 
the most effective proposal. Like this, the viewing angle 
of the in-plane liquid crystal display device is 
significantly larger than the conventional TN type, but 
there are many light shielding portions such as a common 
electrode, a source electrode, and a switch electrode, so 
that an aperture ratio of the pixel is lower than the 
conventional TN type. For this reason, the bad effect on 
the display quality given from a plurality of spacer 
particles scattered to obtain a cell thickness is larger 
than the convention TN type. 
[0005] 

To solve these problems and obtain a favorable display 
quality, several methods are employed such as forming a 
pillar shaped spacer on a light shield portion on the active 
matrix substrate on which the switching devices such as TFTs 
are formed, or forming a pillar shaped spacer on the light 
shielding portion represented as a black matrix in a pixel 
portion of a color filter. 

[0006] 

For the conventional TN type, a construction that 
renders scattering of the spacer particles unnecessary has 
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been proposed. For example, Japanese Unexamined Patent 
Application Publication No. 7-281295 discloses a liquid 
crystal display device, in which protrusion portions are 
arranged at both substrates, i.e., the active matrix 
substrate and a substrate having a color filter formed 
thereon, and brought in touch with each other to serve as 
the spacer pillar. 
[0007] 

For the in-plane switching, Japanese Unexamined Patent 
Application Publication No. 6-214224 discloses a liquid 
crystal display device not using a spacer particle. In the 
liquid crystal display device, both the common electrode and 
the pixel electrode (source electrode) are formed to stand 
normal to substrate, and these two electrodes are used as a 
spacer (pillar) , so that the spacer particles are not 
required . 

[0008] 

In addition, for a liquid crystal display device having 
an active matrix type substrate including switching elements 
such as TFTs in combination with a conventional polymer 
dispersed type liquid crystal (hereinafter, referred to as 
PDLC) , a liquid crystal layer, in which liquid crystal 
molecules are dispersed in a droplet shape or a net shape 
into a polymer compound having a matrix type construction 
(hereinafter, referred to as a polymer matrix) , is inserted 
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into two substrates having electrodes. While the voltage is 
applied, two molecule constructions are designed such that a 
refractive index of a liquid crystal molecule aligned in an 
applied direction and a refractive index of the polymer 
matrix are the same. When the voltage is applied, the 
refractive indices of the liquid crystal molecule and the 
polymer matrix are the same, so that light incident on the 
PDLC layer is transmissive light. With respect to this, 
when the voltage is not applied, an alignment direction of 
the liquid crystal molecule faces in a disordered direction. 
For this reason, refractive indices between the polymer 
matrix and the liquid crystal molecule are typically 
different. Therefore, light incident on the PDLC layer 
becomes scattering light. Like this, light incident on the 
PDLC is switched between a transmitting state and a 
scattering state according to whether or not the voltage is 
applied. 

[0009] 

For the conventional polymer dispersed type liquid 
crystal display device, a number of fine beads called as 
spacers are scattered to obtain a cell thickness that 
performs a favorable display quality. In these polymer 
dispersed type liquid crystal display devices, a projection 
display for transmitting light from a lamp having high 
brightness and enlarging and transmitting the image on a 
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screen or a reflection type display for performing display 
using external light with a reflection plate attached in the 
liquid crystal display device are used. 
[0010] 

[Problems to be Solved by the Invention] 

Spacers formed in advance on the substrate for use in 
the conventional TN type liquid crystal display device, or 
the in-plane switching liquid crystal display device are 
arranged on a light shielding portion, so that the spacers 
in the liquid crystal display device may have a low 
distribution density in appearance. However, on the 
contrary, there is a problem in that a display quality is 
degraded due to a temperature change. This will now be 
described with reference to Fig. 12. 
[0011] 

First, due to a change from the room temperature to the 
low temperature, there is a low temperature discharge 
problem. When the liquid crystal display device 100 is left 
under the low temperature, a volume of the liquid crystal 
molecule is reduced. At this time, it is necessary that a 
cell be contracted, i.e., becomes thinner, in the direction 
of the cell thickness, following a volume contraction of the 
liquid crystal molecule. The low temperature discharging 
108 refers to a phenomenon that vacuum bubbles are produced 
in the liquid crystal layer since the cell thickness cannot 
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follow the volume extraction of the liquid crystal molecule. 
When the spacer 105 formed by patterning on the substrate is 
solid, the spacer 105 blocks the contraction of the cell 
thickness in following the volume contraction of the liquid 
crystal 104 under the low temperature, so that the low 
temperature discharging 108 is easily provided. With 
respect to ensuring a favorable display quality without 
tracing the cell thickness under the low temperature and a 
rough feeling, the spacer having an appropriate elasticity 
is preferably used. 
[0012] 

In addition, while changing from the room temperature 
to a high temperature, there is a display spot problem. 
This is due to an increasing non-uniform cell thickness 
caused by a temperature increase. The liquid crystal 
molecule encapsulated into the liquid crystal display device 
is expanded through heating. As a result of expansion due 
to a temperature increase of the liquid crystal molecule, a 
volume in the liquid crystal display device is increased. 
The increase in the volume causes a change of the gap 
between the substrates, i.e., a change of the cell thickness. 
At this time, in the conventional liquid crystal display 
device, a pillar shaped spacer cannot follow an increase of 
the cell thickness. For this reason, a change of the cell 
thickness is dominated by heat expansion of the liquid 
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crystal molecule, so that there is a problem in that the 
non-uniformity of the cell thickness increases and thus the 
uniformity of the display quality is damaged. 
[0013] 

In addition, with respect to a polymer dispersed type 
liquid crystal display device, in particular, a projection 
display which is a scheme that transmits light a liquid 
crystal display device from the light source, expands and 
transmits the image on a screen, the spacer is expanded to 
guarantee the cell thickness. For the PDLC projection 
display, when the voltage is not applied, it becomes a light 
scattering mode, i.e., a black display mode, so called a 
normally black mode. At this time, when the conventional 
non-colored spherical spacer is used, a portion where the 
spacers are scattered does not cause the scattering, and 
thus light is leaked out. For this reason, the black 
brightness at the time of displaying black color is 
proportional to dispersion density of the spherical spacer, 
and consequently, causes contrast degradation as a screen. 

[0014] 

In order to suppress contrast degradation using block 
brightness improvement due to an optical leakage from the 
spacer when the voltage is not applied, spacers added with 
coloring agent having light shielding and block color may be 
used. The optical leakage is prevented using the colored 
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spacer, so that the degradation of the contrast can be 
prevented, but a new problem arises. In order to guarantee 
the higher contrast, display uniformity in the high gray 
level becomes critical. For this reason, the uniformity of 
the cell thickness needs to be improved. In order to 
improve the uniformity of the cell thickness, the dispersion 
density of the spacers should be increased. When the 
dispersion density of the spacer increases, the spacers 
contact with each other at the time of scattering the spacer, 
and a lump is easily formed so that a rough feeling can be 
easily provided. In addition, the spacer itself expands, so 
that the rough feeling is easily provided when the voltage 
is applied. Like this, to order to guarantee a favorable 
display quality including contrast and gray level, there is 
a problem such as spacer shape and characteristics. 
[0015] 

In addition, for the conventional combination of the 
spacers directly formed on the substrate and the polymer 
dispersed type liquid crystal display device, there was a 
problem of reliability at the storage temperature, i.e., 
reliability when left in the high temperature. For the 
polymer dispersed type liquid crystal display device, the 
following problems can occur due to a rapid change of the 
temperature. This will now be described with reference to 
Fig. 13. 
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[0016] 

Fig. 13a shows a state of a liquid crystal display 
device 200 in case of the room temperature (e.g., 20°C) . In 
Fig. 13a, the spacer 206 has the same size as the gap width, 
so that little pressure is received from the glass 
substrates 201 and 202. 

[0017] 

Fig. 13b shows a state of a liquid crystal display 
device in case of the high temperature (e.g., 85°C) . In 
this case, a polymer matrix 205 and a liquid crystal 204 
expand through heating, and the inner pressure of the liquid 
crystal layer 209 increases. The central portion of the 
glass substrates 201 and 202 is not fixed through the 
sealing member 203 unlike the peripheral portion, so that 
the central portion is deformed as shown in Fig. 13b due to 
an increased inner pressure, and a gap width grows larger as 
closing to the central portion from the peripheral portion. 
As a result, the expanded liquid crystal 204 focuses on the 
central portion. 

[0018] 

When temperature rapidly turns and increases from the 
state of Fig. 13b, the liquid crystal layer 209 contracts. 
At this time, the liquid crystals focused on the central 
portion cannot go back full into the original state, and the 
most of them are left on the central portion. Therefore, as 
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shown in Fig. 13c, a gap width between the glass substrates 
201 and 202 becomes the other state at each portion. Like 
this, due to expansion and contraction of the liquid crystal 
layer caused by a rapid change of the temperature for the 
conventional polymer dispersed type liquid crystal display 
device, the thickness of the liquid crystal layer becomes 
abnormal, and as a result, there is a problem in that the 
display quality is significantly degraded. 
[0019] 

[Problems of the Prior Art] 

The above problems of the prior art will be summarized 
as follows. 
[0020] 

(1) For the liquid crystal display device such as the 
TN mode, display quality is degraded when used at the low 
temperature, due to the low temperature discharging caused 
by a rapid temperature change from the room temperature to 
the low temperature. 

[0021] 

(2) For the liquid crystal display device such as the 
TN mode or the polymer dispersed type liquid crystal display 
device, display quality is degraded when used at the high 
temperature, due to the non-uniform cell thickness caused by 
a rapid temperature change from the room temperature to the 
high temperature. 
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[0022] 

(3) When the polymer dispersed type liquid crystal 
display device is left in a state where a temperature is 
rapidly changed, the thickness of the liquid crystal layer 
becomes non-uniform due to expansion and contraction of the 
liquid crystal layer, and accordingly, the display quality 
is degraded. 

[0023] 

(4) With an increasing formation density of the spacer 
and arrangement of the spacer, the rough feeling of the 
image is generated so that display quality is degraded. 

[0024] 

The present invention is contrived to solve the 
problems of the prior art, and an object of the present 
invention is to provide a liquid crystal display device in 
which temperature characteristic of the display quality is 
improved since the pillar shaped spacer is stiff and the 
elasticity is low, and the display quality is less degraded 
due to the temperature change. 

[0025] 

More specifically, another object of the present 
invention is to provide a liquid crystal display device 
having a favorable display quality without a low temperature 
discharging when used, so called, in the low temperature, in 
which, when the liquid crystal molecule contracts due to a 



2001-013506.doc 



- 19 - 



rapid temperature change from the room temperature to the 
low temperature, the liquid crystal display device can 
follow spacer. 
[0026] 

In addition, still another object of the present 
invention is to provide a liquid crystal display device 
having a favorable display quality without a non-uniform 
cell thickness even when used at the high temperature. 

[0027] 

In addition, still another object of the present 
invention is to provide a polymer dispersed type liquid 
crystal display device having a high display quality without 
generating non-uniform cell thickness at the high 
temperature and a low temperature discharging in the 
operating temperature range. 

[0028] 

In addition, still another object of the present 
invention is to provide a polymer dispersed type liquid 
crystal display device having a favorable display quality 
without generating non-uniform thickness of the liquid 
crystal layer due to expansion and contraction of the liquid 
crystal layer, even when the polymer dispersed type liquid 
crystal display device is left in a temperature changing 
state . 

[0029] 
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In addition, still another object of the present 
invention is to provide a liquid crystal display device 
having a favorable display quality without a rough feeling 
that can correspond to a high contrast and high gray level, 
by forming a pillar shaped spacer (meaning non-spherical 
spacer) in advance on a light shielding portion of the 
counter substrate or the active matrix substrate. 

[0030] 

In addition, an object of the present invention is to 
provide a method of manufacturing the liquid crystal display 
device . 

[0031] 

[Means for Solving the Problems] 

In order to accomplish the above-mentioned objects, the 
present invention includes the following means. 
[0032] 

An aspect of the present invention claimed in Claim 1 
of the present invention provides a liquid crystal display 
device having a pillar shaped spacer arranged between a pair 
of substrates for maintaining a substrate electrode to be 
constant, and a liquid crystal layer encapsulated between 
the substrates. Here, the spacer may be elastic, and, for a 
temperature change within a temperature range available in 
the liquid crystal display device, a sum of a repulsive 
force of the spacer and an inner pressure of the liquid 
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crystal layer may be always approximately the same as the 
atmospheric pressure. 
[0033] 

With the above arrangement, the spacer is always 
elastically deformed within the operating temperature range 
of the liquid crystal display device. As a result, the low 
temperature discharging phenomenon can be prevented, and in 
addition, non-uniform cell thickness at the high temperature 
can be prevented, and thus display quality can be improved. 

[0034] 

In addition, by giving proper elasticity to the spacer, 
the distribution density of the spacer can be established in 
a range that does not give a rough feeling. From this point 
of view as well, the display quality can be improved. 

[0035] 

In addition, the liquid crystal layer may be a TN type 
liquid crystal layer, an STN type liquid crystal layer, as 
well as a polymer dispersed type liquid crystal layer. 

[0036] 

The invention claimed in Claim 2 is characterized in 
that, for the liquid crystal display device claimed in Claim 
1, a sum of the repulsive force of the spacer and the inner 
pressure of the liquid crystal layer may be always 
approximately the same as the atmospheric pressure, and the 
inner pressures of the spacer and the liquid crystal layer 
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may be linearly changed, respectively. 
[0037] 

With the above arrangement, when the inner pressures of 
the spacer and the liquid crystal layer are linearly changed, 
the uniformity of the cell thickness can be further improved. 

[0038] 

Another aspect of the present invention claimed in 
Claim 3 provides a liquid crystal display device having a 
pillar shaped spacer arranged between a pair of substrates 
for maintaining a substrate electrode to be constant, and a 
liquid crystal layer encapsulated between the substrates. 
Here, the spacer may be elastic, and, for a temperature 
change within a temperature range from the room temperature 
to the highest operating temperature of the liquid crystal 
display device, a sum of a repulsive force of the spacer and 
an inner pressure of the liquid crystal layer may be always 
approximately the same as the atmospheric pressure. 

[0039] 

With the above arrangement, the non-uniform cell 
thickness can be prevented at the high temperature, and 
display quality can be improved. 

[0040] 

The invention claimed in Claim 4 is characterized in 
that, for the liquid crystal display device claimed in Claim 
3, a sum of the repulsive force of the spacer and the inner 
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pressure of the liquid crystal layer may be always 
approximately the same as the atmospheric pressure, and the 
inner pressures of the spacer and the liquid crystal layer 
may be linearly changed, respectively. 
[0041] 

With the above arrangement, the uniformity of cell 
thickness at the high temperature can be further improved. 

[0042] 

Still another aspect of the present invention claimed 
in Claim 5 provides a liquid crystal display device having a 
pillar shaped spacer arranged between a pair of substrates 
for maintaining a substrate electrode to be constant, and a 
polymer dispersed type liquid crystal layer including a 
liquid crystal encapsulated between the substrates and a 
polymer compound. Here, the spacer may be elastic, and, for 
a temperature change within a storage temperature range of 
the liquid crystal display device, a sum of a repulsive 
force of the spacer and an inner pressure of the liquid 
crystal layer may be always approximately the same as the 
atmospheric pressure . 
[0043] 

When the polymer dispersed type liquid crystal display 
device is provided, the spacer is always elastically 
deformed within the storage temperature range. As a result, 
a distortion of the gap width (i.e., derivative of the 
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thickness of the liquid crystal layer) between substrates 
due to a rapid change of the temperature can be prevented, 
so that cell thickness can maintain constant, and the 
display quality can be improved. 

[0044] 

The invention claimed in Claim 6 is characterized in 
that, for the liquid crystal display device claimed in Claim 
5, a sum of the repulsive force of the spacer and the inner 
pressure of the liquid crystal layer may be always 
approximately the same as the atmospheric pressure, and the 
inner pressures of the spacer and the liquid crystal layer 
may be linearly changed, respectively. 

[0045] 

With the above arrangement, when the inner pressures of 
the spacer and the liquid crystal layer are linearly changed, 
uniformity of the cell thickness can be further improved. 

[0046] 

The invention claimed in Claim 7 is characterized in 
that, for the liquid crystal display device claimed in any 
one of Claims 1, 3, and 5, the spacer may be directly formed 
on at least one side of the pair of substrates through a 
pattering process. 

[0047] 

With the above arrangement, considering the size and 
distribution density of the spacer, a spacer having desired 
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elasticity can be obtained. 
[0048] 

The invention claimed in Claim 8 is characterized in 
that the spacer may be selected from a group consisting of a 
polystyrene based polymer compound, an acrylic based polymer 
compound, a polyester based polymer compound, a silicon 
based polymer compound, a polycarbonate based polymer 
compound, a polysiloxane based polymer compound, a 
polyethylene based polymer compound, a polyurethane based 
polymer compound, and a combination thereof including any 
one or more materials 

[0049] 

The invention claimed in Claim 9 is characterized in 
that, for the liquid crystal display device claimed in any 
one of Claims 1, 3, 5, and 7, the spacer may be formed in a 
tapered shape from one substrate toward the other substrate. 

[0050] 

With the above arrangement, an elastic spacer having 
desired elasticity can be obtained. 

[0051] 

The invention claimed in Claim 10 is characterized in 
that, for the liquid crystal display device claimed in any 
one of Claims 1, 3, 5, and 7, the spacer may be formed in a 
perfect hollow construction or a partial hollow construction 
between the pair of substrates. 
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[0052] 

With the above arrangement, an elastic spacer having 
desired elasticity can be obtained. 

[0053] 

The invention claimed in Claim 11 is characterized in 
that, for the liquid crystal display device claimed in any 
one of Claims 1, 3, 5, and 7 , the spacer may have a 
longitudinal distribution in a direction perpendicular 
between the pair of substrates. 

[0054] 

In addition, the invention claimed in Claim 12 is 
characterized in that, for the length in the direction 
perpendicular between the pair of substrates, the spacer may 
have a distribution having a mean and a derivative, and the 
derivative may be approximately in a range of 3% to 6% of 
the mean value. 

[0055] 

With the above arrangement, considering a distribution 
of the height of the spacer, optimal elasticity can be given 
to the spacer. 

[0056] 

The invention claimed in Claim 13 is characterized in 
that, for the liquid crystal display device claimed in any 
one of Claims 1, 3, 5, and 7, formation density of the 
spacers may be in a range of 5/mm 2 to 200/mm 2 . 
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[0057] 

With the above arrangement, considering a distribution 
of the formation density of the spacer, optimal elasticity 
can be given to the spacer. 

[0058] 

The invention claimed in Claim 14 is characterized in 
that, for the liquid crystal display device claimed in any 
one of Claims 1, 3, 5, and 7, the spacer may be formed on a 
light shielding portion of at least one of the pair of 
substrates. 

[0059] 

With the above arrangement, an aperture ratio can be 
improved. 

[0060] 

The invention claimed in Claim 15 is characterized in 
that, for the liquid crystal display device claimed in any 
one of Claims 1, 3, 5, and 7, the inner pressure of the 
liquid crystal layer may be in a range of 0 kg/cm 2 to 0 . 9 
kg /cm 2 . 

[0061] 

When the spacer is in the elastically deformed state, 
the inner pressure of the liquid crystal layer is also 
smaller than the atmospheric pressure. Therefore, the 
elastically deformed state of the spacer can also be defined 
from the inner pressure of the liquid crystal layer. 
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[0062] 

Still another aspect of the present invention claimed 
in Claim 16 provides a liquid crystal display device 
manufacturing method, the liquid crystal display device 
having a pillar shaped spacer arranged between a pair of 
substrates for maintaining a substrate electrode to be 
constant, and a liquid crystal layer encapsulated between 
the substrates, the method comprising: forming a plurality 
of spacers on at least one of the pair of substrates, and 
performing a process to give a predetermined amount of 
elasticity to the spacer; forming the liquid crystal layer 
encapsulated between the pair of substrates having the 
spacer formed thereon; and while or after forming the liquid 
crystal layer, uniformly pressing between the substrates in 
a pressure of approximately 0.1 kgf/cm 2 to 1.0 kgf/cm 2 . 

[0063] 

The reason the pressing pressure to the substrate is 
restricted is that, when it is less than 0.1 kgf/cm 2 , the 
spacer cannot be elastically deformed, and when it is more 
than 1.0 kgf/cm 2 , the spacer is plastically deformed. 

[0064] 
[Embodiments ] 

Preferred embodiment of the present invention will now 
be described with reference to the accompanying drawings. 
[0065] 
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(First Embodiment) 

Fig. 1 is a simplified cross sectional view of a liquid 
crystal display device according to a first embodiment of 
the present invention. The liquid crystal display device 
includes a pair of glass substrates 1 and 2; a pillar shaped 
spacer 3 arranged between the substrates 1 and 2 for 
maintaining a substrate gap to be constant; and a liquid 
crystal layer 4 encapsulated between the substrates 1 and 2 . 
Transparent electrodes 5 and 6 are formed on the inner side 
of the glass substrate 1 and 2. In addition, in Fig. 7, 
reference numeral 7 refers to a sealing portion fixed to the 
substrates 1 and 2 for encapsulating the liquid crystal 
layer 4 . 

[0066] 

The spacer 3 is elastic, and becomes an elastically 
deformed state within an operating temperature range (0°C to 
85°C) . In other words, in conjunction with a temperature 
change within the operating temperature range of the display 
device, a sum of the repulsive force of the spacer 3 and the 
inner pressure of the liquid crystal layer 4 is always 
approximately 1 atmospheric pressure, and in addition, the 
inner pressures of the spacer 3 and the liquid crystal layer 
4 are linearly changed, respectively. With the above 
arrangement, at the low temperature, the display without the 
low temperature discharging can be enabled, and at the high 
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temperature as well, the non-uniform cell thickness can be 
prevented, so that the display quality is improved. In 
addition, in order to increase the uniformity of the cell 
thickness, it is necessary for the distribution density of 
the spacer to be large, however, according to the present 
invention, the spacer 3 has proper elasticity, so that the 
distribution density of the spacer can be established such 
that the rough feeling is not generated not to mention the 
conventional level of the distribution density of the spacer. 
Therefore, sufficient uniformity of the cell thickness is 
obtained, and in addition, the rough feeling due to an 
increasing distribution density of the spacer can be 
prevented, so that display quality can be improved. 
[0067] 

A method of manufacturing the liquid crystal display 
device with the above arrangement will now be described. 
[0068] 

First, based on the same method as in the prior art, a 
pair of substrates 1 and 2 having transparent electrodes 5 
and 6 formed thereon is provided. Next, the spacer 3 is 
formed on the substrate 1. 

[0069] 

A method of forming the spacer 3 will be specifically 
described with reference to Fig. 2. Here, as an example, it 
will be described in the context that a photosensitive 
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polymer including carbon is used in the substrate 1 on which 
the transparent electrode 5 is formed. An acrylic based 
negative type resist was prepared such that a solid content 
ratio is 38%, and a carbon power was 5% mixed. Here, the 
carbon fiber is means for coloring the pillar shaped spacer 
in black color, and may be a material that absorbs visible 
light. A uniform resist layer 10 was formed on the glass 
substrate 1 using a spinner (Fig. 2b) . This was performed 
with the number of rotation of 5000 rpm for 5 seconds, and 
of 1300 rpm for 30 seconds. Next, the resist layer 10 is 
pre-baked for 3 minutes at 80°C. In addition, as shown in 
Fig. 2c, a predetermined type of pillar shaped spacer 3 
described below was formed through a photolithography 
technology using a mask 11. In addition, intensity of UV 
illumination herein was 15 mW/cm 2 and an exposed time was 3 
second . 

[0070] 

The conventional pillar shaped spacer has low 
elasticity, and non-uniform spacer is difficult to control, 
so that according to the present invention, the elasticity 
is given to the spacer in the following method. 

[0071] 

First, as a first method, the spacer having a shape as 
shown in Fig. 3 was formed by such as reviewing a developing 
condition. In addition, Fig. 3a shows a spacer in the 
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elastically deformed state, and Fig. 3b shows a spacer in 
the state before elastically deformed. Specifically, the 
method involves that the spacer having an arrangement where 
an end surface becomes thinner such as a cone 3A, or a 
triangular pyramid 3C or a rectangular pyramid 3C or a 
polygonal pyramid 3D was formed, so that when pressed, the 
spacer 3 in the liquid crystal display device is elastically 
deformed . 

[0072] 

A second method involves that some or all of the inner 
portions 9 of the spacer 3 is in a hollow shaped state, as 
shown in Fig. 4, so that when pressed, the spacer 3 in the 
liquid crystal display device is elastically deformed. 

[0073] 

A third method involves mixing a rubber based resin 
power or a silicon based resin power in the resist to 
elasticized the spacer 3. A mixed amount of the resin power 
is effective in less than 3%, which can be elastically 
deformed. In addition, in case of the resin, it will not be 
limited hereto. 

[0074] 

A fourth method involves that a polymerization of the 
resist is lowered. By lowering the concentration of a 
bridge agent in the resist, elasticity was realized. 

[0075] 
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A fifth method involves shortening both ends of the 
spacer pillar. 
[0076] 

With any one of the above methods, the elasticity can 
be given to the spacer. 
[0077] 

In the following example, the first method, i.e., a 
case where the rectangular pyramid 3c pillar shaped spacer 3 
is used will be described. Specifically, the square pyramid 
shaped spacer 3 was formed with one side of the lower 
surface of 5 pm, by repeating an etching process through a 
photography technology. In addition, a detailed shape (e.g., 
area of the bottom surface, natural length, etc.) of a 
rectangular shaped spacer is established, considering the 
formation density of the spacer, and in addition, for any 
temperature of the maximum and minimum temperature of the 
operating temperature range, such that the elasticity is 
given as much as an amount of deformation in which the 
elastic deformation state can be maintained. For example, 
as shown in fig. 5a, an initial height of the pillar shaped 
spacer formed in the substrate is HI, and a height of the 
pillar shaped spacer in a state shown in fig. 5 having a 
predetermined cell thickness and pressed between the 
substrates is H2 (room temperature state) . At this time, 
at the minimum temperature of the operating temperature 
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range, when a length in the direction of the cell thickness 
due to the heat contraction of the liquid crystal layer is 
ml, the height of the pillar shaped spacer is deformed to be 
ml, and in addition, at the height ml, the spacer is 
required to be an elastically deformed state. Further, in 
the same manner, for the maximum temperature of the 
operating temperature range, when the length in the 
direction of the cell thickness due to the heat expansion of 
the liquid crystal layer is m2, the height of the pillar 
shaped spacer is deformed to be m2 (here, m2 < ml), and in 
addition, at the height m2 , the pillar shaped spacer is 
required to be the elastically deformed state. However, 
when the formation density of the spacer is extremely small, 
uniformity of the cell thickness is degraded, and otherwise, 
when it is too large, an optical leakage due to the spacer 
is large. Therefore, considering problems directed to the 
formation density of the spacer, and for any temperature of 
the maximum temperature and minimum temperature within the 
operating temperature range, it is necessary to establish 
the spacer shape such that the elastically deformed state 
can be maintained. 
[0078] 

Based on the foregoing consideration, according to the 
first embodiment of the present invention, a bottom surface 
of 5.00 jam, an average height of the spacer of 4.70 pm, a 
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derivative of about 3 %, and a formation density of about 
300/mm 2 are established. Next, post-baking is performed at 
200°C. Next, a sealing portion 7 is printed on a peripheral 
portion of one substrate (Fig. 3e) . Next, using a pressing 
device, the substrates 1 and 2 having a pair of transparent 
electrodes 5 and 6 in an overlapping state are pressed and 
heated, and the sealing portion 7 is cured (Fig. 3f ) . Next, 
the liquid crystal material is injected into a gap formed in 
the pair of the substrates 1 and 2 from an injecting port 
arranged a part of the sealing portion 7, to thus form the 
liquid crystal layer 4. 
[0079] 

Next, in order to set the cell thickness to be a 
predetermined value, the liquid crystal display device is 
pressed. The pressing value F was set to 0.3 kgf/cm 2 . At 
this time, the spacer 3 is partially in the elastically 
deformed state. 

[0080] 

The cell thickness of the liquid crystal display device 
through the above processing can have a mean of 4.65 jam, and 
a derivative of 0.12 ]im, and visibility or contrast of the 
liquid crystal display device was significantly improved. 
At this time, since the mean of the height of the spacer 
formed on the substrate surface is 4.70 jam, it will be 
appreciated that, in this state, a part of the spacer is in 
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the elastically deformed state. In addition, the bottom 
surface, the height, and the formation density of the pillar 
shaped spacer are not limited hereto, but when a bottom 
surface of more than 3 ym and less than 20 jam, the mean of 
the height of the spacer of more than 3 ym and less than 20 
ym, and the formation density of the spacer of more than 
5/mm 2 and less than 2000/mm 2 are provided, the present 
inventors checks that the spacer can sufficiently follow the 
temperature change . 
[0081] 

In addition, even when the elasticity is provided using 
the pillar shaped spacer as a hollow, the description on the 
rectangular shaped spacer is adapted. For the hollow shaped 
spacer, when a radius of an outer circle of more than 3 ym 
and less than 20 jam, a radius of an inner circle of more 
than 2 ym and less than 15 ym, a cross sectional area of 
more than 4 ym 2 and less than 140 ym 2 , the mean of the height 
of the spacer of more than 3 ym and less than 20 ym, the 
formation density of the spacer of 5/mm 2 and less than 
2000/mm 2 are provided, the present inventors checks that the 
spacer can sufficiently follow the temperature change. 

[0082] 

In addition, the above detailed number is described in 
the context that a negative type resist made of an acrylic 
based polymer compound is used for the spacer material. As 
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described below, even when other materials are used for the 
spacer material, considering the same manner as in the above 
acrylic based polymer compound, if the shape and the 
formation density of the shape is set to be within the 
optical range, advantageously, the spacer can sufficiently 
follow a temperature change. 
[0083] 

Next, the liquid crystal display device manufactured 
through the above method is exposed to an environment from 
the room temperature to -20° C. Hereinafter, this will be 
described with reference to Fig. 6. Fig. 6a shows a liquid 
crystal display device at the time of the room temperature. 
In this state, some or all of the spacers are elastically 
deformed. Fig. 6b is a diagram showing a liquid crystal 
display device state under the lower temperature. The 
thickness direction of the liquid crystal layer 4 contracts, 
due to the volume contraction under the low temperature. 
According to the present embodiment, the spacer 3 is also 
elastic, and can follow the contraction of the liquid 
crystal layer 4, so that the low temperature discharging 
phenomenon does not occur even under the lower temperature. 

[0084] 

In addition, the liquid crystal display device 
manufactured through the above method is exposed to an 
environment from 20°C to 40°C. Hereinafter, this will be 
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described with reference to Fig. 6. Referring to Figs. 7a, 
7b, and 7c, the structural change generated in the liquid 
crystal display device according to the present invention 
will now be described. 
[0085] 

First, Fig. 7a shows a liquid crystal display device 
state in the case of the room temperature (20°C in the 
present embodiment) . In this state, a pressure of a 
difference between the atmospheric pressure and the pressure 
to the substrates 1 and 2 of the liquid crystal layer 4 
(hereinafter, referred to as an inner pressure of the liquid 
crystal layer 4) is applied to two sheets of glass 
substrates 1 and 2 from the outside, and as a result, the 
spacer 3 is compressed. 

[0086] 

Fig. 7b shows a liquid crystal display device when the 
liquid crystal display device at the room temperature of Fig. 
7a is temperature increased to the maximum of the operating 
temperature. In this state, the inner pressure of the 
liquid crystal layer 4 is increased due to heating. 

[0087] 

According to the present embodiment, a line expansion 
coefficient of the spacer 3 is 7 . 0-10 . OxlO" 5 (1/K), and a 
line expansion coefficient of the liquid crystal material of 
the liquid crystal layer 4 is 7 . 0* 10~ 4 ( 1/K) . The increase of 
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the inner pressure of the liquid crystal layer 4 due to 
heating depends on the expansion of the liquid crystal 
molecule . 

[0088] 

Fig. 8 shows an example showing a relation between an 
inner Pressure Pi of the liquid crystal layer 4 and a 
repulsive force Pr of the spacer 3, when a temperature of 
the liquid crystal display device under a constant 
atmospheric pressure increases or decreases within a 
predetermined temperature range. In addition, in Fig. 8, 
the atmospheric pressure is 1.0 kgf/cm 2 . The horizontal 
axis represents a temperature T in a range of 20°C to 60°C. 
The vertical axis represents a pressure P in a range of 0.3 
kgf/cm 2 to 0.7 kgf/cm 2 . The solid line represents a pressure 
applied to the liquid crystal layer 4, i.e., an inner 
pressure Pi of the liquid crystal layer 4, and a dotted line 
L2 represents the pressure applied to the spacer 3, i.e., 
the repulsive force Pr of the spacer 3 per unit area. 
Hereinafter, the repulsive force of the spacer 3 per unit 
area is referred to as the repulsive force Pr of the spacer. 

[0089] 

Within the above temperature range, it will be 
appreciated that both the inner pressure of the liquid 
crystal layer 4 and the repulsive force Pr of the spacer 
exist, and their summation is the same as the atmospheric 
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pressure. In other words, the liquid crystal display device 
resists the atmospheric pressure through the inner pressure 
of the liquid crystal layer 4 and the repulsive force Pr of 
the spacer 3. 
[0090] 

When the inner pressure of the liquid crystal layer 4 
increases in proportional to the increase of the temperature, 
the repulsive force Pr of the spacer 3 decreases, while the 
spacer 3 always has the repulsive force Pr in the 
temperature range (20°C to 60°C) according to the present 
example. In other words, the compressed spacer lifts up the 
glass substrates 1 and 2 from the inside through the 
repulsive force Pr at a place where the liquid crystal layer 
4 reaches, and then holds the compressed state. As a result, 
as shown in Fig. 7b, a gap width is uniformly widened other 
than the peripheral portion fixed to the sealing portion 7. 

[0091] 

Fig. 7c shows a liquid crystal display device with a 
temperature decreasing from the high temperature state shown 
in Fig. 7b to the room temperature. As shown in Fig. 7b, 
when the liquid crystal display device in the high 
temperature is cooled, the inner pressure of the liquid 
crystal layer 4 is reduced and the repulsive force Pr of the 
spacer 3 increases. In other words, the expanded liquid 
crystal layer 4 contracts while the glass substrates 1 and 2 
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and the spacer 3 always contact with each other. For this 
reason, the liquid layer 4 will hot have a different degree 
of contraction depending on the location, and thus uniformly 
contracts on the overall place. As a result, even when the 
temperature drops from the high temperature state, it 
perfectly goes back to the original state (Fig. 7a), as 
shown in Fig. 7c. 
[0092] 

As a comparative example of the first embodiment, Fig. 
14 shows a spacer state for a temperature change of the 
liquid crystal display device in the context that the 
hardened spacer 150 having a small elastic deformation is 
used, which shows a relation of the comparative example of 
Fig. 15 between the inner pressure of the liquid crystal 
layer 151 and the repulsive force of the spacer 150. At the 
high temperature, the spacer 150 cannot follow the expansion 
of the liquid crystal layer, and a central portion of the 
substrate is largely bended, so that display performance is 
degraded. 

[0093] 

This is also shown in Fig. 15. In other words, the 
repulsive force of the spacer is significantly reduced in 
conjunction with the increase of the temperature, and when 
exceeding a certain temperature, the repulsive force will be 
0. This indicates that most of the spacers are far off from 
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the substrate. At the higher temperature, due to a tensile 
effect bonding the substrates, the central portion is 
floated up. In addition, in conjunction with the 
temperature increase, the inner pressure of the liquid 
crystal layer continues to increase. Therefore, in the 
comparative example, the operating temperature range is 
narrow, and in order to widen the operating temperature 
range, it will be appreciated that it is necessary to give 
the elasticity to the spacer. 
[0094] 

Therefore, according to the present embodiment, as long 
as the spacer 3 is elastically compressed, the distortion of 
the gap width between two sheets of glass substrates due to 
the temperature change, i.e., the derivative of the 
thickness Tc of the liquid crystal layer can be prevented. 
In addition, the temperature range is 20°C to 60°C in the 
foregoing description, however, from the experiment result 
of the present inventors, it was verified that the spacer 
can be followed even in the temperature range of 0°C to 85°C. 
Therefore, as long as both the inner pressure of the liquid 
crystal layer 4 and the repulsive force Pr of the spacer 3 
exist, and in addition, their summation is the same as the 
atmospheric pressure, the effect of the present invention 
can be obtained. For example, the liquid crystal display 
device has different operating temperature according to its 
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use, and it is necessary that non-uniformity be not 
generated within this operating temperature range. For 
example, while used in a car navigation system where there 
are lot of work to do in the car is set to be relatively 
high temperature, however, even in this case, the elasticity, 
the formation density, pushing thickness and the like of the 
spacer are optimized such that it is applicable. Besides, 
notebook personal computer use, personal computer monitor 
use, projection display use, portable data application use, 
and mobile telephone use, a reflection type liquid crystal 
TV monitor and the like use are also applicable in the same 
manner in the respective operating temperature ranges. 
[0095] 

In addition, as a result, a derivative of the cell 
thickness is not generated. In addition, the display spot 
is also prevented. 

[0096] 

An operational mode of the liquid crystal display 
device of the present invention may be any type of 
operational mode as long as the molecular alignment can be 
controlled by the electric field, however, it is particular 
advantageous to an IPS (in-plane switching), a TN mode, a 
STN (super twisted nematic) mode, and a ferroelectric liquid 
crystal mode. As a display mode of the liquid crystal 
display panel, either a normally black mode (NB) in which 
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when the voltage is not applied black color is displayed so 
that light is not transmitted, and a normally white mode 
(NW) in which when the voltage is not applied white color id 
displayed so that light is transmitted may be used. In 
terms of the formation density of the spacer, while about 
300/mm 2 is used in the present embodiment, about 10/mm 2 to 
2000/mm 2 may also be applicable in the same manner. Here, as 
the formation density is larger, it is necessary to reduce 
the stress at the time of elastic deformation. Basically, 
when the means of the height of the spacer and the 
derivative thereof are the same, the stress of the spacer is 
inversely proportional to the formation density. When the 
formation density is less than 5/mm 2 , the spacer is not 
almost deformed at the time of applying stress, in order to 
maintain a constant cell thickness, and thus following 
characteristic is lost, and the low temperature discharging 
phenomenon or the non-uniformity of the cell thickness at 
the high temperature is generated. Like this, in order to 
maintain a favorable display quality, a certain degree of 
formation density is required. In addition when the 
formation density exceeds 2000/mm 2 , at the current state, it 
is difficult to form the spacer, which is impossible to 
implement. To obtain the following, more than two spacers 
having different sizes in the normal direction of the 
substrate surface may be formed. In addition, more than two 
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spacers having different elasticity may be formed within the 
surface . 

[0097] 

According to the present embodiment, in order to 
elastically deform some or all of the spacers, the pressure 
of 0.3 kgf/cm 2 is uniformly pressed between the substrates, 
for a process of encapsulating the liquid crystal material 
between the substrates, however, for example, the formation 
density, the elasticity, and the like of the spacer can be 
optimized so that it can be implemented in the same manner 
even in the uniform pressure from 0.1 kgf/cm 2 to 1.0 kgf/cm 2 . 

[0098] 

Furthermore, while the present embodiment describes the 
elastic operation of spacer as a pressing value of the panel 
surface, it may be described as the inner press operation of 
the liquid crystal layer 4 in the liquid crystal display 
device. At this time, when the inner pressure of the liquid 
crystal layer 4 is approximately 0.1 kgf/cm 2 to 1.0 kgf/cm 2 , 
it can be implemented in the same manner. Outside the above 
range, The cell thickness cannot follow the operation of the 
liquid crystal layer, so that it cannot be implemented. 

[0099] 

While the present embodiment uses a negative type 
resist consisting of an acrylic based polymer compound as 
the spacer material, the spacer may be selected from a group 
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consisting of a polystyrene based polymer compound, an 
acrylic based polymer compound, a polyester based polymer 
compound, a silicon based polymer compound, a polycarbonate 
based polymer compound, a polysiloxane based polymer 
compound, a polyethylene based polymer compound, and a 
polyurethane based polymer compound. In addition, copolymer 
and polymer alloy compound may also be used, which uses a 
combination thereof among the above compounds. 
[0100] 

In addition, according to the present embodiment, while 
a photolithography is performed on the substrate surface 
using the above material, and the spacer is directly formed, 
for example, the spacer may be formed, in the same manner, 
on a plastic substrate made of the compound through pressing 
and the like. 

[0101] 

In addition while the present embodiment has been 
described in the context that the glass substrate is used, 
a-Si TFT substrate using an amorphous silicon thin film as a 
switching element, a driver built in type polysilicon TFT 
substrate, and a low temperature poly silicon TFT, a high 
temperature poly silicon TFT substrate through thermal 
annealing, and a polysilicon substrate having metal catalyst 
crystallized in other methods, and further, two terminal 
type active matrix substrate having a thin film diode TFD 
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formed thereon may also be used. 
[0102] 

In addition, the spacer may be formed on the light 
shielding portion of the pixel portion of the color filter. 
At this time, when these spacers have elasticity enough to 
follow contraction of the liquid crystal molecule, at the 
time of temperature change from the room temperature to the 
lower temperature, it can be used in the same manner. 

[0103] 

(Second Embodiment) 

Fig. 9 is a cross sectional view of a liquid crystal 
display device according to a second embodiment of the 
present invention. The present embodiment is characterized 
in that the polymer dispersed type liquid crystal display 
device including a polymer dispersed type liquid crystal 
layer 22 made of the liquid crystal 20 and the polymer 
matrix 21 is used instead of the liquid crystal layer 4. 
The polymer matrix 21 is a polymer compound having a 3-D net 
shaped construction. The liquid crystal 20 is a liquid 
crystal dispersed in the droplet shape into the polymer 
matrix 21 and the liquid crystal having a net shaped 
construction in which the liquid crystals dispersed in the 
droplet shape are interconnected. In addition, a volume 
ratio of the liquid crystal 20 to the polymer matrix 21 is 
approximately 4:1. 
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[0104] 

The polymer dispersed type liquid crystal display 
device does not show a low temperature discharging 
phenomenon, unlike the TN type liquid crystal display device, 
the STN type liquid crystal display device, and the 
ferroelectric type liquid crystal display device. However, 
since fluidity of the liquid crystal is low, there is a 
problem in that the non-uniformity at the high temperature 
side may be conspicuously generated. In order to solve the 
problems, the polymer dispersed type liquid crystal display 
device according to the second embodiment of the present 
invention uses the pillar shaped spacer 3, in the same 
manner as the first embodiment. As a result, when used in 
the projection display, a favorable display quality can be 
maintained and the cell thickness is uniform from 10°C to 
50°C in the operating temperature range. In addition, when 
used in the reflection type liquid crystal display, a 
favorable display quality can be maintained and the cell 
thickness is uniform from 10°C to 35°C in the operating 
temperature range. In addition, the polymer dispersed type 
liquid crystal layer 22 is manufactured in the same manner 
as in the typical polymer dispersed type liquid crystal 
layer. In other words, the polymer dispersed type liquid 
crystal layer 22 can be obtained such that a combined 
material of the polymer precursor and the liquid crystal 
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material are filled between the substrates through a vacuum 
injection method, the polymer precursors overlaps by heating 
or illuminating ultraviolet, and the liquid crystal and 
polymer are separated from each other. 
[0105] 

While the glass substrate having transparent electrode 
is used in the second embodiment, the pillar shaped or non- 
spherical type spacers may be formed on the light shielding 
portion of the active matrix substrate having the switching 
elements formed thereon, in the same manner. In addition, 
other than the amorphous TFT substrate, the active matrix 
substrate may be a driving circuit built-in high temperature 
polysilicon TFT substrate, a low temperature polysilicon TFT 
substrate, a polysilicon TFT substrate crystallized by other 
methods such as catalyst, and two-terminal active matrix 
type substrate, represented by the thin film diode TFD, in 
conjunction with a planarization process. 

[0106] 

In the projection display type, dichroic means using a 
multiplayer interference such as a dichroic mirror may be 
used, without the color filter. For this reason, of the 
active matrix substrate having the TFTs formed thereon, by 
forming a pillar shaped or non-spherical spacer on the 
counter substrate to correspond a light shielding portion 
that does not transmit light, e.g., gate signal lines and 
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source signal lines or intersecting portions thereof, TFT 
forming portions, and the like, the liquid crystal display 
device having a favorable display quality and few rough 
feeling, which can correspond high contrast and high gray 
level, can be obtained. 
[0107] 

(Third Embodiment) 

Fig. 10 is a cross sectional view of a liquid crystal 
display device according to a third embodiment of the 
present invention. The liquid crystal display device of the 
third embodiment has the same construction as of the polymer 
dispersed liquid crystal display device described in the 
second embodiment. In general, for the polymer dispersed 
liquid crystal display device, when the spacer has low 
elasticity, the display spot due to the non-uniform 
thickness is generated. This is because that, in the 
polymer dispersed type liquid crystal display device, the 
fluidity of the liquid crystal molecule is extremely small, 
and it cannot go back to the original state in a rapid 
temperature change from the high temperature storage. For 
this reason, while only the uniformity needs to be 
compensated within the operating temperature range in the 
first embodiment, the polymer dispersed type liquid crystal 
display device is also required that the uniformity within 
the storage temperature range need to be compensated. 
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Therefore, in order to solve the above problems, for the 
polymer dispersed type liquid crystal display device 
according to the third embodiment, the elasticity is given 
to the spacer in the same method of the first embodiment, 
and at the same time, from the point of compensating the 
uniformity within the storage temperature range, more 
elasticity is given to the spacer than in the second 
embodiment. For example, in case of the cone type spacer, a 
degree of tapering is to be larger than the second 
embodiment, and in case of the hollow type spacer, the 
hollow area should be larger. In addition, the storage 
temperature range refers to a surrounding environment 
temperature when the display device assembling the liquid 
crystal display device is actually used, and the storage 
temperature refers to a surrounding environment temperature 
when the display device assembling the liquid crystal 
display device is stored. Therefore, in general, the 
storage temperature range is wider than the operating 
temperature range. In addition, the polymer dispersed type 
liquid crystal layer 22 can be manufactured in the same 
manner in the typical polymer dispersed type liquid crystal 
layer. In other words, the polymer dispersed type liquid 
crystal layer 22 can be obtained such that a combined 
material of the polymer precursor and the liquid crystal 
material are filled between the substrates through a vacuum 
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injection method, the polymer precursors are polymerized by 
heating or illuminating ultraviolet, and the liquid crystal 
and polymer are separated from each other. 
[0108] 

The liquid crystal display device according to the 
third embodiment will now be described below in detail. 
[0109] 

Referring to Figs. 10a, 10b, and 10c, due to the 
subsequent rapid temperature change, a structural change 
generated in the liquid crystal display device according to 
the present invention will be described. 

[0110] 

First, Fig. 10a shows a liquid crystal display device 
at the room temperature (20°C in the present embodiment) . 
In this state, a pressure of a difference between the 
atmospheric pressure and the pressure to the substrates 1 
and 2 of the combined layer 22 (hereinafter, referred to as 
an inner pressure of the liquid crystal layer) is applied to 
two sheets of glass substrates 1 and 2 from the outside, and 
as a result, the spacer 3 is compressed. 

[0111] 

Fig. 10b shows a liquid crystal display device when the 
liquid crystal display device at the room temperature of Fig. 
10a is temperature increased to the high temperature (85°C 
in the present embodiment) . In this state, the inner 
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pressure of the liquid crystal layer is increased due to 
heating. According to the present embodiment, a line 
expansion coefficient of the spacer 3 is 7 . 0-10 . 0*10~ 5 (1/K), 
a line expansion coefficient of the liquid crystal material 
is 7 . 0*10~ 4 ( 1/K) , and the line expansion coefficient of the 
polymer matrix 21 is the same as or less than the expansion 
coefficient of the spacer 3. In addition, a volume ratio 
between the liquid crystal 20 for the liquid crystal layer 
22 and the polymer matrix 21 is almost 4:1. For this reason, 
the expansion of the spacer 3 and the polymer matrix 21 can 
be almost negligible, and the increase of the inner pressure 
of the liquid crystal layer 22 due to heating depends on the 
expansion of the liquid crystal 20. 
[0112] 

Fig. 11 is an example of a relation between the inner 
pressure Pi of the liquid crystal layer and the repulsive 
force of the spacer 3 when a temperature of the liquid 
crystal display device under a constant atmospheric pressure 
increases or decreases within a predetermined temperature 
range. In addition, in Fig. 8, the atmospheric pressure is 
1.0 kgf/cm 2 . The horizontal axis represents a temperature T 
in a range of 20°C to 60°C. The vertical axis represents a 
pressure P in a range of 0.3 kgf/cm 2 to 0.7 kgf/cm 2 . In 
addition, the experiment results of the present inventors 
verify that even in the temperature range of 0°C to 85°C, and 
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.in the pressure range of 0.1 kgf/cm 2 to 0.9 kgf/cm 2 shows the 
same linear characteristics as in Fig. 11. Here, in Fig. 11, 
the solid line LI represents a pressure applied to the 
liquid crystal layer, i.e., the inner pressure Pi of the 
liquid crystal layer, and a dotted line L2 represents a 
pressure applied to the spacer 3, i.e., the repulsive force 
Pr of the spacer 3 per unit area. Hereinafter, the 
repulsive force of the spacer 3 per unit area is referred to 
as the repulsive force Pr of the spacer 3 . 
[0113] 

Within the above temperature range, it will be 
appreciated that both the inner pressure of the liquid 
crystal layer and the repulsive force Pr of the spacer 3 
exist, and their summation is the same as the atmospheric 
pressure. In other words, the liquid crystal display device 
resists the atmospheric pressure through the inner pressure 
of the liquid crystal layer and the repulsive force Pr of 
the spacer 3. 

[0114] 

When the inner pressure of the liquid crystal layer 
increases in proportional to the increase of the temperature, 
the repulsive force Pr of the spacer 3 decreases, while the 
spacer 3 always has the repulsive force Pr in the 
temperature range of 20°C to 60°C according to the present 
example (which is also true in a range of 0°C to 85°C) . In 
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other words, the compressed spacer lifts up the glass 
substrates 1 and 2 from the inside through the repulsive 
force Pr at a place where the liquid crystal layer 22 
reaches, and then holds the compressed state. As a result, 
as shown in Fig. 10b, a gap width is uniformly widened other 
than the peripheral portion fixed to the sealing portion 7. 
[0115] 

Fig. 10c shows a liquid crystal display device with a 
temperature rapidly decreasing from the high temperature 
state shown in Fig. 10b to the room temperature. As shown 
in Fig. 10b, when the liquid crystal display device in the 
high temperature is cooled, the inner pressure of the liquid 
crystal layer is reduced and the repulsive force Pr of the 
spacer 3 increases. In other words, the expanded liquid 
crystal layer 22 contracts while the glass substrates 1 and 
2 and the spacer 3 always contact with each other. For this 
reason, the liquid layer 22 will not have a different degree 
of contraction depending on the location, and thus uniformly 
contracts on the overall place. As a result, even when the 
temperature rapidly drops from the high temperature state, 
it perfectly goes back to the original state (Fig. 10a), as 
shown in Fig. 10c. 

[0116] 

When the elastic body is not used in the spacer, since 
a moving speed of the polymer matrix of the liquid crystal 
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molecule slows for the polymer dispersed type liquid crystal, 
even when the temperature turns back to the room temperature, 
the liquid crystal does not go back to its original state, 
so that its central portion is thick, and a thickness around 
the main sealing portion is thinner, and as a result, the 
display spot is provided. 
[0117] 

In addition, when the temperature of the liquid crystal 
display device decreased to the low temperature (e.g., 0°C) , 
the thickness Tc of the liquid crystal layer is reduced, 
however, even in this case, the thickness Tc of the liquid 
crystal layer 22 maintains constant due to the repulsive 
force Pr of the spacer 3, as shown in Fig. 10. In addition, 
at the low temperature as well, the inner pressure of the 
liquid crystal layer exists, and thus the liquid crystal 
display device resists the atmospheric pressure through the 
repulsive force Pr of the spacer and the inner pressure of 
the liquid crystal layer. 

[0118] 

As described above, as long as the spacer 3 is 
elastically deformed, the distortion of the gap width, i.e., 
the derivative of the thickness Tc of the liquid crystal 
layer, between two sheets of glass substrates due to the 
temperature change can be prevented. In addition, while the 
liquid crystal display device has been described as a 
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transparent type liquid crystal display device, i.e., a 
transparent glass substrate including transparent electrode 
on either of a pair of substrates in the present embodiment, 
a reflection type liquid crystal display device having the 
same effect of the present invention can be provided using 
the reflection electrode that reflects light instead of the 
transparent electrode . 
[0119] 

In addition, it may also be appreciated that, in order 
to arrange the reflection type liquid crystal display device, 
the reflection electrode divided for each pixel rather than 
the transparent electrode 6 is arranged, and the voltage is 
supplied from the TFT device to the reflection electrode. 

[0120] 

In addition, although in the foregoing description the 
temperature range is 0°C to 85°C, as long as the inner 
pressure of the liquid crystal layer and the repulsive force 
Pr of the spacer 3 exist and their summation is the same as 
the atmospheric pressure, the effect of the present 
invention can be obtained, and the temperature range is not 
limited hereto. 

[0121] 

While the present invention has been described in 
detail, as a type having the polymer matrix and the liquid 
crystal in the polymer dispersed type liquid crystal display 
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device, a PN (polymer-network) type where polymer compounds 
distributes in the liquid crystal forming a continuous phase 
in a 3-D net shape or fine particle droplet shape may be 
used in the same manner, rather than NCAP (nematic- 
curvilinear-aligned-phase) type where droplets distribute in 
the polymer matrix as shown in the embodiment. 

[0122] 

In addition, while a combined material of the polymer 
precursor and the liquid crystal material are filled in the 
liquid crystal display device through a vacuum injection 
method according to the second and third embodiments, the 
combined material of the polymer precursor and the liquid 
crystal material may be injected into the liquid crystal 
display device under the pressure, and thus the same effect 
can be obtained. 

[0123] 

In addition, while the elastic spacer is formed on the 
substrate having transparent electrode at least one 
substrate, in order to maintain a constant cell thickness 
between a pair of substrates in the first to third 
embodiments, the spacer may be formed on the light shielding 
portion of the active matrix substrate having the switching 
elements formed thereon, using the same method. In addition, 
other than the amorphous TFT substrate, the active matrix 
substrate may be a driving circuit built-in high temperature 
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polysilicon TFT substrate, a low temperature polysilicon TFT 
substrate, a polysilicon TFT substrate crystallized by other 
methods such as catalyst, and two-terminal active matrix 
type substrate, represented by the thin film diode TFD, in 
conjunction with a planarization process. 
[0124] 

In addition, while in the first to third embodiments, 
it is configured that both a rapid temperature change from 
the room temperature to the low temperature, and a rapid 
temperature change from the room temperature to the high 
temperature may follow the spacer, it can be configured that 
only one of a rapid temperature change from the room 
temperature to the low temperature, and a rapid temperature 
change from the room temperature to the high temperature may 
follow the spacer. 

[0125] 
[Effect] 

As described above, according to the present invention, 
the spacer is in an elastically deformed state, so that the 
liquid crystal display device can be provided that can 
follow even when the liquid crystal molecule contracts due 
to a rapid temperature change from the room temperature to 
the low temperature, so that the liquid crystal display 
device having a favorable display quality can be provided 
without, so called, a low temperature discharging when used 
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at the low temperature. In addition, when used at the high 
temperature as well, the liquid crystal display device 
having a favorable display quality can be provided without 
non-uniform cell thickness. In addition, within the 
operating temperature range, the polymer dispersed type 
liquid crystal display device having a favorable display 
quality can be provided without a low temperature 
discharging and non-uniform cell thickness. In addition, by 
forming a pillar shaped or non-spherical spacer in advance 
on the light shielding portion of the counter substrate or 
the active matrix substrate, the liquid crystal display 
device having a favorable display quality and few rough 
feeling, which can correspond high contrast and high gray 
scale, can be obtained. 
[0126] 

In addition, within a temperature range that stores the 
polymer dispersed type liquid crystal display device, a 
distortion of a gap width between two sheets of glass 
substrates due to the temperature change, i.e., a derivative 
of the thickness of the liquid crystal layer can be 
prevented, and thus the uniformity of the display image can 
be improved. 

[Brief Description of the Drawings] 
[Fig. 1] 
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Fig. 1 is a cross-sectional view of a liquid crystal 
display device according to a first embodiment of the 
present invention . 
[Fig. 2] 

Fig. 2 is a processing diagram of manufacturing a 
liquid crystal display device according to a first 
embodiment of the present invention. 
[Fig. 3] 

Fig. 3 is a diagram for explaining a spacer shape for 
use in a liquid crystal display device according to a first 
embodiment of the present invention. 
[Fig. 4] 

Fig. 4 is a diagram showing an example of a deformed 
spacer . 
[Fig. 5] 

Fig. 5 is a diagram for explaining a deforming amount 
of the spacer . 
[Fig. 6] 

Fig. 6 is a diagram for explaining a state where the 
liquid crystal display device according to the first 
embodiment of the present invention is exposed to an 
environment from the room temperature to -20° C. 
[Fig. 7] 

Fig. 7 is a diagram for explaining a state where the 
liquid crystal display device according to the first 
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embodiment of the present invention is exposed to a high 
temperature environment from the room temperature to 40° C. 
[Fig. 8] 

Fig. 8 is a graph showing a relation between an inner 
Pressure Pi of the liquid crystal layer and a repulsive 
force Pr of the spacer, when a temperature of the liquid 
crystal display device under a constant atmospheric pressure 
increases or decreases within a predetermined temperature 
range, for the liquid crystal display device according to 
the first embodiment of the present invention. 
[Fig. 9] 

Fig. 9 is a cross sectional view of a liquid crystal 
display device according to a second embodiment of the 
present invention . 
[Fig. 10] 

Fig. 10 is a diagram showing a state where a spacer is 
changed within a storage temperature range, for the liquid 
crystal display device according to a third embodiment of 
the present invention. 
[Fig. 11] 

Fig. 11 is a graph showing a relation between an inner 
Pressure Pi of the liquid crystal layer and a repulsive 
force Pr of the spacer, when a temperature of the liquid 
crystal display device under a constant atmospheric pressure 
increases or decreases within a predetermined temperature 
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range, for the liquid crystal display device according to 
the third embodiment of the present invention. 
[Fig. 12] 

Fig. 12 is a diagram for explaining a low temperature 
discharging phenomenon for a liquid crystal display device 
of the prior art. 
[Fig. 13] 

Fig. 13 is a diagram showing a distortion of a gap 
width (i.e., thickness derivative of a liquid crystal layer) 
between substrates, for a polymer-dispersed type liquid 
crystal display device of the prior art. 
[Fig. 14] 

Fig. 14 is a diagram for explaining a state where the 
liquid crystal display device according to a comparative 
example of the first embodiment of the present invention is 
exposed to a high temperature environment from the room 
temperature to 4 0° C. 
[Fig. 15] 

Fig. 15 is a graph showing a relation between an inner 
Pressure Pi of the liquid crystal layer and a repulsive 
force Pr of the spacer, when a temperature of the liquid 
crystal display device under a constant atmospheric pressure 
increases or decreases within a predetermined temperature 
range, for the liquid crystal display device according to a 
comparative example of the first embodiment of the present 
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invention . 

[ Reference Numerals ] 
1, 2: substrate 
3: spacer 

4 : liquid crystal layer 

5, 6: transparent electrode 

7 : sealing portion 

22: polymer dispersed type liquid crystal layer 
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[0052] ±b»j««cj:o, ftatm&tim^L 

[0 0 5 3] gftfrit 1 1 E«<DfSflM:* flf$9 K 3 . 
5, 7 0)fln3!PtlE«O'*««*«?K:43V^T, MEX 

[0 0 5 4] $fc, lf*^l 2fE«oaWtt, IS*^1 
1 EK<0**«SilS?fc*v^T, SuEX^— y-tf, ME 

~ 6 % © $g a i z h £> c t at -r ^ o 

[0 0 5 5] ±E«fiE*i:<J:D, x^-ltoRSOtfflJfc 

[0 0 5 6] m$« 1 3E«©5WJtt* Iftftg K 3. 
5, 70ffft*teE«0««MaiS?t*V^T, tuEX 
^-tf ©JBBMK* 5 i/mm 2 ~ 2 0 0 0 «/ 
mm' ©fSHT*££C ££3f^T3o 

[0 0 5 7] ±E«Wfo:«fc!>, X^— y-OJBtiEffifio^ 
LT, »t«i49»tt*ft4-r £ c 

[0058] w*®i 4EKOKWU, is*ai, 3. 

5, 7©fltutPfcE«©**«aa5?fc45l#^T, MEX 

[0059] ±E*naHcj:o, npwft±-r*. 

[0 0 6 0] iftftKl 5E»D5Wfti, SI*«K 3. 
5, 7 0Mn^tcEIKOfc s eg^^{c4oU^T, MEK 
e B H ^^rtE^BS0 k g f/cm ! ^t,0. 9kgf/ 

[0 0 6 1] X^— y-^3Pttgfl5«!ST**5fcf?«, ?£ 
[0 0 6 2] £$«l 6EK®58Wi, -ttOSSBfc 
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E«^n^ra»*-^^ffiofc«)<Dtt4(cx^--y-i:, 

X^— y^rffMU lOX^- y-tcpfT^O*#*(D3Wt 
*%f*4-r*fc*offl ! l!*ff5njBfc, x^— y-A^jse 

teO. lkgf/cm^l. Okgf/cm^EAI 

10 ^f^o 

[0 0 6 3] SS^OffE^tJifKW-SOtt, 0. Ik 
g f/cm 2 £9M^tfftti\ X^— y-fc3(tta«* 
iU^SCtmt, 1. 0kgf/cm 2 J:H 
*#tttUf. X^«-y-^ffittSJBLTL$^3b^^fe 

[0 0 6 4] 

[0 0 6 5] (^SSOSffi 1)01 tf^fifiOJBflB 1 fcffi 
*tiMBI«*-3ek:«oft»ottttx^-*3i:. S 

fii. 2p^tcMA^n/c® e B 0 i4^*w*r^o ^xs 
«i, 2ortij®tcti, ^n?wii5, 6*^dc 
snn^o h, a*. 7ttsisi. 2J£HSL»iijB 

[0 0 6 6] tdEX^— y-3ti3¥tt^LT*5 9, ftH 
a^JR?<0ffiffliaaiEH (*^»O»!8T?tt0" ~8 5 

30 E^*?0^a*KBrtK:*W*Baa{kK:ttb 

4 rtEtf ^n^n y - 7^sfk-rs «t 3 teflWe^nT^ 

■y-s^jsffiogwt^-rs^ft, asiso^-u-o 
40 #fljffifi$T&i&g%<, x^— y-<D^ffia*?6^ 

T, -fe;UJSO+^ftl9-tt3^6tu L^t. x^— y 
[0 0 6 7] WTfc. ±E«flE©JKft*S«?<OHifi» 

[0068] jfe-r. se*tiRi«o^ffitcst5$ % sp^ffl 

ffi5, 6^ffM^n/c-^f(DSSi, 2«rfNH-r« 0 * 

««i*cx^— y-3*»j«-rs. 

50 [0 0 6 9] X^— y-3<OJB«&ffi*B2*#BLT* 
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Rrail£*9Ri|5lf*«l«46tf<fci\ Xlf>t-^ffl 
^T±ie^XSffi 1 ±££)-<Db> ? X hH 1 OZBfR 
?Z> (HI 2 (b) ) o £ft£\ Ih]$eS(^5 0 0 r pmT' 
SfiWik, 1 3 0 0 r pmT3 OfMt Ltc 0 LfrS 
8 0°CT3^yU^-^^Tofc 0 ££fc:[I]2 

(c) icmt&olC VX^I l£ffl^/c7*HJ7y 
5 7 ^ -"BrtBTWT t iS ^SBf S»«ott«x^— 9- 3 
WLf: 0 &*5, CtO^OUVRSI^Jg^, 1 5mW 
/cm\ ffiytV$?$te3®>mtLtCo 

[0 0 7 0] aoMx^-^tl^ Wtttf/Jy£<, 

[0 0 7 1] ^-©^fcLTtt, lasted J: 

/Co 0 3 (a) liSttaifcttlOX^^ 
U 03 (b) ttWffiEJB'TSWfOttJlOX^-'lJ-*^ 
in^. SttWfctt, ^»n««3Afeb<W:=ftit 

Zctlz&O, »ELft«fc, MaWSJR?*©^- 

[0 0 7 2] 04tC^"Tcfc^^X^— 9-30 
35 9 <7>-gf5 L < te^Z^QVmic t & d t iC X 

[0 0 7 3] IgHtCtt, U^X htytcJk&mm'W? 

[0074] segicwu us/x hcos^jg^w^^ft 

[0 0 7 5] SEttX-^— 9-tt©S**/h*< , r»*tt 
[0 0 7 6] ±ISOlvf ft<D£ffi£ £-3Tfc* x^— »t 

[0 0 7 7] ttTO«Ttt, ±E£-0#ffi, Q 
MmOIE^c0raftitttOX^-^3^ffML/c o * 
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-tS&gtf&So #J*te\ 0 5 (a) fcaVTcfcolC, s 

rnvwEEZftrffifevizfrmfr totems (b) fc^ 

2fc&ofc«^{C. ««X^— 9-<DK**±m2 (fit, 
m2<Hl) fcfflKStU LfrfcC<Di6S£m2Ttttt 

fc3tign*^t<*S 0 fcT, COct^^X-^-^cD 

[0 0 7 8] ±tE<D%*fiteS-3£, #^S£<Dff5il 1 T 
tt, 0 0 Mm, X^-tf0»S0¥*MItf 

4. 7 0/im, tf6o#tf*»3%8S, BfliOffiStf 
*PB3 0 0ffl/mm'fc£5J:3£K£Lfc o LfrS 
ft, 2 0 0lC©H«T#Xh^-*£fTofc. - 

30 (e) ) o #1/>T\ ^UXSB^fflLT, -*fOS0^ 

m<i5, 2 *«to*to*fett!lT4nE • ia 

itt> S/-Jl/»7*WftS** (H3(f)) 0 fO 

Sfil. 2W*«nft|«lc*lWRtftAU Sp b b 

^4^fig-r§o 

[0 0 7 9] ^c, •fe;l/JP*BrSo«l: , r*ft«)k:, ffl 
ffiS^*?*!? E*T So *¥ JEfil F^rO. 3kgf/cm 

40 [0080] ±mxmc x o ftm Ltcm^m^mi-^ 

;l/Wi 3 Fi^fi4. 6 5 <im, (£SO;*0. 1 2 ^m«# 
SCWT^ ® 0 e 0^^OSiStt^3VhvXh^ 

^itcip]±Lfco c<Dm. SfcmcB&Ltzx^-y-o) 

So tt«X^<— »tt, JSBB, JgfiEoSgjg 
ttx ±IEOfflfcESSnstOT*ti&<, Kffisb\ 3/x 
mtX±2 0 /im«T, X^<D^WW3/im 

50 «±2 0 0 0i/mm l «TT*nif, X^-^tfjga 
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[0 0 8 1] Sfe, tt«X^-**(WSfcLTWtt*(# 

3 /i mttl 20/1 mtlT, rtPJO^Stf 2 /i mtt 
±1 5/imKT> Wffiffitf 4 fim'fiUil 4 Ojim'tt 
T, X^-i?-OS[*O¥^liA<3fimtt±2 0Mma 
T> X^«Sg^5i/mm 2 J^±2 0 0 01 
/mm ! {(TT*htf, X^-tftfgfi^ffcfc+tfKig 
«T * S k i ^ SftS* ISf* §ct #$BH#tc J: ^ T 

[0 0 8 2] ±E<0*(*Wa:»iltt, X^-IM* 

4ffli^«^ot(0T$s. ^a?i-^>cfc9(^ x^— ? 

;i/**yvHt^tto»^i:lRlSI4#A*fc:J:?). x^ 

[0 0 8 3] ±B#i*fc:J:9fHHSh;fc*»« 

tt±T/flHSaBBLT^*« 06 (b) fcHBHTTO* 
p B B S^^cO^^T0T^^o ffifiB4tfffiiBTT 

X^— 9-3fc»tt«iU »SH4fl!)iR 

[0 0 8 4] S6te, ±E*itfc:j:9f«!Stift}tt« 

T\ H7*ffl^TKWr5 0 07 (a) , 07 (b) , 
0 7 (c) SrMSLT, KTfcU illftfcfflSgftfcJ: 

[0 0 8 5] 07 (a) tC, #S (2|cSaitOJB« 

W2 01C) 0«^tl3»*«flS^iR?©«|B*^ 

-To c ottaBw, t . m&m 4 os« l B 2 te 

2fT£E*l OUT, »fi«4 0rtEfcPf-K. ) k<D^<0 
E*tf^<ll3!p6 2ttO*5X«fil, 2*CiPt)!5, 

X^-tf3#E8*ftT^*o 
[0 0 8 6] 07 (b) fc, 07 (a) <0»fi«8BO« 

&m 4 OrtE^iSinLTl^o 

[0 0 8 7] **0fc0JB«fctttvni, 7^3 01 
B3ft9[»7. 0-10. Ox 1 0" 5 (1/K) , $1* 

a 4 co^ B B a tt5Bo»^^{i 7 . o x i o ■ 4 (1/ 
K) to^c^^^^4cortEC)mijn^ 0 B 0 ^ 
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[0 0 8 8] 08 fc, -5&fc«E<DTT*4\ 

£^-f 0 i«U I^HfcjJt^Ttt, *^E3b< 1 . Okgf/ 
cm'TfeSo tiSWl (±2 0 , C^6 6 0 fl C$T*O(Effl(Da 
fiT«r^-r o tBWtt, 0. 3kgf/cm z ^y. 7 
kg f/cm'fflTOB10I*P*fxto SI«L 1 
^0 H 0^4tcj[iPt>^E^r4t)^^B B Ba4OrtEP i 
10 *SL, -jjMWL2ttX^-*3*i:4ote«E*'rftb 
■B*ffiBS8l*fcOOX^— 9-3©S«*P r t*7n?o 
WT> #fflffiafefc5(0X^-"U-3Ofia***fc:x^ 

y-©E»*p r mSo 

[0 0 8 9] ±ffij&a(EHfc*5^Ttt:, » B B B i4 0rtI 
feX^— 9-OER/3P r t>*S£U *tl6<0»tt*jRE 

SH4<DrtEkX^— 9*3 0S5g*P rktc£oT*M 

[0 0 9 0] SSO±#tcWJLTfg H 3 0 l 4 OrtE^± 
20 #"f5fc, X^— 9-3©K»*P r*4j*'>-ra*^ #0»J 
fcfi^ttSSSKH (2 0°Cfr£>6 0°C) TW\ X*S— 9* 
3 ttttfcEStt P r *frr*. T4t>5, EtfrSftTl^ 
S»JB4rtOl^*BrT?*OE»*P r 
fcJzoTtf^Xfiffil, 2£rtfflJfr£>Jf L±tfT, ESS 
*nfe«»*«J**rSo 0 7 (b) fcjRTJ: 

[0 0 9 1] 07 (c) lc y KA£a3R?&B7 (b) 
30 to 0 7 (b) fc*-r«k3fc:a[a«»<o*ft«SiR?* 

^a-rsi:, flc^fl 4 ortE^a^Lx^— y- 3os^ 

5XSfil, 2kX^-*3kA < **cSH)ILfttf6iBaB 

t. iis«»eBfi?n/c«^T^, 07 ( c ) tc^ 

ZtlZ&olC, Tu&CytCDttm (0 7 (a) ) tC^^> 0 
[0 0 9 2] $m<D&m l OiUfiWk 

40 ^osaafb*iij*-rsx^--9-o«ffi«:Hi 4tc^u 

0 1 5*<:Jt«ff!IO»aH 1 5 1 OrtEfcX'*— 9- 1 5 0 
E«*fc0Hffi*5Vro KfflteftSkx-^— *i 5 0tf 

[0 0 9 3] COCkti, 01 5Klt>^SnT^«. fiP 
■6, x^--9-©E*»*iiBao±#ki:feK:ai*fc:*> 

^as^ox^-^as^siitiTi^ck^t". c 

50 »»T»+5te»jW»6A,'W^< 0 ttfilBOAE^afi 
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[0 0 9 4] C<D<fc5fCLT, **fiSOJBilT^i, X^ 

fc. ££>tc, ±EI«W^fcl>TjaS(EH«:2 0°C-6 0 
TCfcUfctf, *«W#OHfi«eS*z:J:ntf. 0°C~8 5 

E«*P rfcjtffipflEU flo*ti60»»*»Ei:9L 
[0 0 9 5] $fc, coes, -b;l/JPOtf6o#*«4l2 

/Co 

[0 0 9 6] *SKH©iK«a^*?©Kifft- Ftt, H 

S^^tli) I PS (In-plain switched) TN 
^r-F, STN (Super Twisted Nematic) -t-F, 3 

st^y-vy-y^y^-K (nb) atfjtwa 

3!L6SS£&&/--vU-*'7^ h^e— F (NW) £0 

^R10l/mm ? ^^R2 0 0 0fi/mm 2 

V<#Etffc£o g^&fycti, X^-+l-£0S^<D¥^{S 
fc^OtfSOttfHfcTfcfttf* X^-tfOJSrtttJ&S 
ftSKEttflJ-rSo ffM&gtf 5ffl/mmH;Wc&3 
*;WP*fS-fc«ofcftfc« x ^^enia^tct^ ^/u 

Stti»ST**So Sfc, ^SJje^2 0 0 0ffl/mm 2 

ft, sttHPFBrtt-p**. ^n^, iiseit^sfefttc, 
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[0 0 9 7] »flSOJBfi8'Ctt. X^-*0-aBfcL< 
X-TSlSfcSl^T, *KISW5-fc:o. 3kgf/c 

ft*, 3»tt4H*M{fc-r*ckfc:J:0, 0. lkgf 
10 /cm ! <P6l. Okgf/cm^T'^-^a 

[0098] x-*— y-^wtt^K^Ea-rs 

*fta^?rt«©*M4<0rtEO*lll«c«k0 
ESELTt«Li*ftv\ COGS, $ 0 s H )l4(9rtEO® 
DSSffili, *R0. lkgf/cm ! ^l. 0kg 

TL£?£ft, mFRTflg?««. 
20 [0 0 9 9] X^-VttUt LT, #^ffi0fl5fgT*ti\ 
7 * D ;U3fc# U v-ffc** & S * #S u ^X h 
\,^fct>\ ffifc*yxf-U^3R*Uv-ft^*, 7^»J;l/ 

^3RuvHb^», *y!>u#v»*yv-fk*i*io 

EflA*fc*l#*T, 2ttHtt±*H*LTffll^ «M 
**feL<tt*yv-7nYfc*ftteJ:oTfeH«fc* 
30 ttBIfllT**. 

[0 10 0] Sfc***0}B«T*tt. ±E#fi*E^T 
7* b»jyy77^*«77iiffiTfri\ x^— 9-* 
iSSJ&SLfctf, mtf±E{t£»fr5fc*77X7V 
y^SS^^UXft^T-x^-^JBfieLTtHtt^^ 

[0 10 1] £fc, 2f4HtO«ttTCd:. *7Xlfi*ffl 

^e;l/7rX>";n>S^ffli>/ca-S iTFTlfc 

F^>r^-rtj«so#y^ynvTFTS*Rx ssfcf* 
40 fifi#yi/ynyTFTSS, ^7--;Uc<fc5ig^ 
yS/ynVTFTS«, *ftft«IMi4H*ftO}6r»T 

e*ftLfc*ys/y=iy«R, $?,tcti. stM^*- 

F T F D hm$LZ nfcr^^MT ^r^yvh'J^xl 
[0 10 2] $/c, X^-^^^^-7^;U^-(0{l« 

so [0103] (^sscojgfig 2 ) a 9 ttiasoieiB 2 
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B B B JI 4 tfUT, ®3,2 o HJ ^X 2 1 #6 

&3«#^Sfciy® B B B li 2 2 ^AftSimMRSKS 
S^JR? *fflv^fcc tt^fflA^So ia^T h y ^x 

T&S. f£H 2 0 tt, i^^v h^X2 1 (ftTki&K 
£^4*11 fcSiVCVSo 

[0 10 4] coj:3*K»?»B[S!«ffias*fe 

«\ TNissKSi^its?. smiiwsa^jis?, asm 
2 K«s*$mmi!«B£3S*?w\ n 

Blx-fXyWffliiTt^fflSlfilBHl 0^6 3 5°C 
fc. ate, Sfi[»?»»S!«aH2 2©ffS!«, »#<0fi 

co i o 5] 2 T?»*aw«ffiftr#^7^s 

^T'&So %*3, T^-rw^VhU^XSIStLT, 7 
*;l/7TXTFTS|gcO{ft, BWllHieAigSOXfiyn 
■feX# U -> U 3 y T F T Sfc (SS^D-feX4? U f 'J 3 
>TF TSfi, ttMtS*Hflfio*ak: J: t)|g*fkShfc 
*'J->'J 3 VTFTSffi, Sfc, WK^V^-KTFD 
fc:««Sft*ZJ|IK?S7^rw7v h U ?XI«|£&H 
WM^a-teX t oflffflfc J: D Httt**pf«T?« 

So 

[0 1 0 6] T^n^x^g Vx-fXTW^T'T* 

T-r7vHJ*x«E©rt, ft£jSjIL&^i£ftgp, fid 
*H^*-HI^±^V-X{§^_k, tL<«ctie 
tf3SBLTl^*as#, TFT^figgRaif(c«fS-rs<fc3 
fc*f|p]g1£±tcft#fe L < tt^tftDX'*— tf-fcflMT 
S 9, ianvh^XK KPBHWJSBrflET, 3" 
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[0107] 3)1110 imrnmm 3 1 

*3lj-5fgif B ^^?<DBTffi@-e$.i.o #Slfi£<DJg!i3© 

*ss©^^ 2 t-iskE Lfc^»?^§y 
*A5Jcj;sg^A7*^i;s. unit iS^^s^ 

fig<0JB« 1 Kte^TSJELfc^ffi-ex^-- WcSftt^tt 
*^HttOJgSI 2 £ t> tSt^t *3*14*tf x^— 

20 < U (fJ^ttOX^— ^T^fctltf *£Ef8£*£ < 1" 
£o %te, <£fflEfi»i:tt, ?S B B B ^*?^ffl*iAA, 

fcjfr^aeifiiafcfc*. 4«» KimMRS!«aji 2 2 

<0<t^tt, ffi^O^?^S® B B B «cDftS!i:(Bl1fefe 
So BP'S, -»SfiHlcK»?fl9BftfciSSttfio«^ 

?i:^l^8S?-ti:Sili:{cJ;!)S^ : ?«-IS!« B B B )i2 2 

[0 1 0 8] WT, *JWtO«tt3KtR*« u »aKRJR? 

[0 1 0 9] 01 0 (a), 010 (bKHlO 
(c) *#B8LT, aTKft»ftilfia<kfc:J:9x *38 
H^(-^S^ B B B g^?t4i:.51iig±©afk{co^TlK 

[0 110] Jfef, 010 (a) C«S (*Htt<D«ffi 
40 T*tt2 0 , C) ©«^tfelJSffiS«^jg?©«^^^ 
•To d<0«^T'tt, ^M£Et?I^«2 2<Oii=7Xmfo 

1, 2K»f*E* (WT, *ftJi<OrtEi:i*^ ) t 
<D£<DE1Jimmir>c>2%L<Dfl ; 77>m& 1 . 2 KftDfr 
0, ^<0fa^, X^— 9-3tfE$g£ftTI/^„ 

[0 1 1 1] 01 0 (b) tc, 0 1 0 (a) <D%Utfm 

s^nfcffi B B B g^?<D^^ lt^s. c (ovrnv 
tt, io^{cJ;D® B B B JirtEA^nLTv^s„ *mm<Dj& 
micte^TltZ^-i)- 3 7 . 0-10. 

50 Oxio" (1/K) , ^ B B B tf^O«?g#»7. 0 
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xio- 4 (i/K) . »#?vh;**2 itowmm 

ft, m&m z 2 lasw&msh 2 0 fcjs^Fv h u ^ 2 1 
fc©(ttut*ttjatf4»i"p**. core*, x^-u- 
3sr«»f7 m; *x 2 1 A/4r*ia-c 

[0 1 1 2] HI lie. -£*i^0T?©iKil£iR* 

ftEP i ^X-?-^3 0S^P r fcOBB«0-«*^ 
to ffi, I^HtcSS^Tte, *5tEA < l . Okgf/cm 
z Tfe^o MM &2 0°Cfr6 6 0 c C3: -eOKHO 
■*T*3CT. 0. 3kgf/cm 2 ^0. 

7 k g f/cm 2 ^T£0|6fflOE^P^-r o £45, * 

m> 0. 1 k g f/cm 2 fr£>0. 9kgf/cm 2 OE 

^SBHfcfei/^Tt, hi i kHttfty-ToWFttJes-r 
l i tt«aifc:iip*)aE*'r4to-6«[ajirtEP i ^ 

U -jiS^L2«:X^-*3«cliot>*E*-r4t>%* 
ffiffiftfeft 0 OX"*— 9" 3 ©E5£*l P r £^f 0 «T> 
D OX"*—* 3 OE»»*#tX^— 9" 3 
tOg^PrWc 

co i 13] ±fafias6Htc43t^rtt, ffifisrtEfex 

9-3 0ESWJP rt#ab*tl60»tt*«EkS 
rtEfcX^-U-3<OES5*lP r fcfc<fcoT*^£tt#i 

[oi i4] u&<D±mztmLT%iM i mftE.tf±%? 

SfcX"*— 9-3 0E»*P r*iS'>-f£tf, $HS£O0 
ftgtC&ttS 2 Ot:- 6 0TO<S#gfi(gHT*ti, X^- 
*3*i»fcE»APr**-rS (0TC^&8 51COiaffi 
■SBfcfc^TfcfiMID o "f ESS2ftT^£X^ 
— MUM 2 2rt0^fc£ire*OE&#P rtcj: 
5W9XM1, 2*rt«*P6Jfb±tfT, ESt^n 
fctt«*<SJW*. *SSWtc, Bio (b) tc*?-J;5 
^;MB7fcJ;t>THS*n*««»»W^ MB 

[o i i 5] hi o ( c ) fctta&53k?*Eii o 

( b ) £jR LfciSStffgfr SffiSS T^aMcirFSHifc 
«ffi*^fo Hi 0 (b) fcS1"J:3fcffiftI^OSii 
«S*?*?WJrr*l:. ^^rtE^>Lx^~^3 

2ti, AvXlfil, 2fcX"S— »3fc#»fc«*I|Lft 
tf&lRffi-rSo COfcft, JKffiffl2 2W;. tlPiftCctoT 

t>, hi o ( c ) (c^^n^cta^, ^(ctEco^ 

(HI 0 (a) ) IzMZo 

[0 116] t>L*>, 7s^-V\iC&fflb*m^m\t 
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[0117] ^fc, ttas^^ofifisittsa (w*.tf 

or) STttTsStf*^ fg H 3 aScOJP^TctiM / >'r^ 
tf, COif^T^ HI 0 fcaVf <fc 9 MX"*— 9" 3 OS 

n^o 4*5, fiao«-&T-t. »s*rtEfi^aL, $ 

10 SiS/irtEfcX^— 9-OEffcfcP r fct 

[oils] tt±o*3te % x^-tf 3*»ttttfc:ffi« 

9fc* tt*E»**Efttttffi*m*Uf* *5SWOjBi» 

[0 1 1 9] Sfc. ESJS^ffltSS^iR^ifflfatfSfe 
fcfctt, aW«ffi6O«0tiS*»fc:»M#nfcEi« 
SSrlStf, *ti&OEI*»ffi£ T F TfK^fr 5«E£« 

[0 12 0] ffcS&fc, ±mmwlc&^T&. M&K 

3©g»*p r t^ai, ^-nsoaA^EteL 

30 StOTttftl\ 

[0 12 1] fiUb, *»Wfc:oi^T*lB4RW*S-3fe 

V h U ^X*tatS«^»»-r§N C A P (Nematic-Cu 
rvilinear-Aligned-Phase) JBOfCfeOfc, ^ffi^Jg 

'J^ejBHXtiMR-r* P N (Polymer-Network) 

[0 1 2 2] Siffc, ±BSfe»OJB»2, 3Ttt*i^Ft9 

«?rtte*«Lft^ »ETT«ass«?rt*c«»? 
[o i 23] $fc, ±iaa*©jg»i-3t»tt, 

*««LTt>*JISpI«T**. 4fe, 7^^h'J 
50 ^xSSi:LT, 7^;l/7 7XTFTSffioft&, BAla] 
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R^*- KT F D[:«i^n§iari7^T^77 
HJ * XHiSffift H i:¥fflfty n -fe x oflf fflfc: J: 5 15| 

[0 12 4] ^ ±ffi*SS(0JB!»l-3T*tt, 

JBSSfbot^f wet, x^— we^t** s j: 5 
^iBfr 6 ss^oiasgf koig n^— x^— ? 

[0 1 2 5] 

h , J^XS1S^L<^M(n]SSO^gPtC N &tt£>L< 

[0 126] Sfc, X«?i»^ai«a^«fi^ 

4&nonnMBos». i-&to-&« H e H sojs*otf sot 

[0ffiOffi#&Itt«j3] 

[0 l ] fSStoffM l (c^SffiS^IR^OBfBSHTfe 
[0 2] **OJB8B 1 t«S}ftfla^|R?(0»ifiiaH 

[03] ^<o&m\ ic&zm§ i &mm : ?ic&mf£ft& 
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[0 4] x^-*os»0!i*^-rH"e*« o 

[0 5] X^— 9-oajgB*RW-r*fc«)©H"e*«o 

[0 6] %mmm\ic&m&m^m?zmufr<b- 
[0 7 ] *M<o?esg i (c«*»fia^*?*sa3b^ 4 

A6O0T*<&£ O 

[08] *ft<D*»lfc«S«ft«S*?fc:i3l^T, - 

*JP r kOBBfiR*^"ry57T?** D 
[0 9] *ffiOJBffi2tc^^?S B B H a^?C)^®0Tfe 

[01 0] ^ Wl 3 {:^tt^« fl B a ^?{c^^ 
[011] JIJSOJBffiSHi^ttSffiffl^lR^fcts^^ 

[012] t^joffiB^^^tcfenj-sfiia^ja^ft 
[013] s»wo*iH^a»[ftasaR?fc:*tfs 

StKHOK^BO^* «-fcfc>5iftS/i©JP#©tf&0 
t) 3Sft*^f HT**5o 

[014] £tt<o£ffi l fc»1-«Jt*!^©iK««SJR? 

30 [015] %fo<D&m i fcat-*Jt«wo*ft«^«f 
a«HT#fiRaTOa$n*«^oij|jSHrtEP i kx 

1 . 2 : Sffi 

3 : X^— 9" 

4 : ASUS 

5, 6 : auras 

7 : S/-;WP 
40 2 2: Bim^ftSMEfiH 
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